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1281Milwaukee, Wisconsin) with 64  0.625 mm slice
collimation. The 5% to 95% phases (10% increments)
were reconstructed using a slice thickness of 1.25 mm
and an increment of 0.625 mm. CTCA images were
post-processed using the GE Advantage Volume
Share Workstation and interpreted by expert ob-
servers blinded to all clinical data. LV and LA
volumes were measured using the 75% phase and at
end-diastole. Using a previously developed model for
LVEDVEstimated, LVEDVEstimated was calculated from
LV and LA volumes at the 75% phase [LVEDV ¼
(1.021  LV75% phase volume) þ (0.259  LA75%
phase volume)] (3). LVEDVEstimated was indexed
(LVEDVIEstimated) to the body surface area for analysis.
Continuous variables were expressed as mean 
SD and categorical variables as proportions or per-
centages. Statistical signiﬁcance was deﬁned as
p < 0.05. The Student t test was used to compare
continuous variables and the chi-square test was
used for categorical variables. The prognostic value of
LVEDVIEstimated was assessed using Cox proportional
hazard models for the composite of all-cause death
and nonfatal MI. A total of 195 consecutive patients
were analyzed. The baseline characteristics and the
imaging characteristics of the test and control pop-
ulations were similar (Table 1). Mean follow-up dura-
tion was higher (p ¼ 0.008) for the test population
than for the control population (450  283 days vs.
757  371 days).
The LV and LA volume indices, at diastasis, were
greater in the event cohort than in the control group
(Table 1). Using these measures, LVEDVIEstimated was
calculated and compared with “true” CTCA-measured
LVEDV. The correlation between measured LVEDVI
and LVEDVIEstimated was very good (r ¼ 0.910,
95% conﬁdence interval [95% CI]: 0.882 to 0.931;
p < 0.0001). LVEDVIEstimated was signiﬁcantly larger in
the event population than in the control population
(91.7  4.3 ml/m2 and 69.7  2.5 ml/m2, respectively;
p # 0.0001).
In a Cox proportional hazards regression ana-
lyses, previous coronary artery disease (hazard ratio
[HR]: 1.89, 95% CI: 1.248 to 2.865; p ¼ 0.003) and
LVEDVIEstimated (HR: 1.008, 95% CI: 1.004 to 1.012;
p ¼ 0.001) emerged as univariate predictors of
all-cause death and nonfatal MI. However, when
multivariate survival analysis was performed using
signiﬁcant univariate predictors as variables, only
LVEDVIEstimated (HR: 1.01, 95% CI: 1.003 to 1.012;
p ¼ 0.02) emerged as a predictor of all-cause death
and nonfatal MI.
Previous studies have shown that LVEDV assessed
by different cardiac imaging modalities has indepen-
dent and incremental prognostic value in identifyingpatients at high risk of cardiac events (2,4). However,
to the best of our knowledge, the incremental
prognostic ability of LVEDV assessed by CTCA has
not been demonstrated before. Moreover, to mini-
mize patient radiation exposure, prospective ECG-
triggered CTCA has been adopted into routine
clinical practice. Because prospective ECG-triggered
CTCA does not permit the direct assessment of LV
ejection fraction and LVEDV, the ability to estimate
LVEDV would be clinically desirable.
Our group has previously developed a model for
estimating LVEDV from prospective ECG-gated CTCA
datasets. In the current study, we were able to vali-
date this model and additionally demonstrate the
prognostic value of LVEDV measurements from this
predictive formula.Kevin E. Boczar, BSc
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Residing at High Altitude in ChinaAbout 140 million people worldwide, 80 million of
them in Asia, live at an altitude above 2,500 m. High-
altitude dwellers exhibit important physiological and
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1283morphologic characteristics of the cardiopulmonary
system as an adaptation to chronic hypoxia (1), but
there are few data concerning children living at high
altitude. Standard 2-dimensional echocardiography
was used to assess 477 healthy children (ages 15 days
to 14 years; 220 Han living at 16-m altitude and 257
[117 Han and 140 Tibetans] at 3,700 m above sea
level). Children in the 3,700-m group had lower
arterial oxygen saturation (p < 0.0001), experienced
slower increase in body weight and body surface area
(p ¼ 0.04 for both), and had a higher mean pulmonary
arterial pressure (PA mean) (p < 0.0001). PA mean
was 35.1  8.9 mm Hg within 1 month of birth, rapidly
decreased within 6 months (27.3  11.8 mm Hg), and
then gradually decreased to 23.3  7.8 mm Hg at
14 years (p ¼ 0.003). PA mean was maintained at
about 15 mm hg in the 16-m group (p ¼ 0.09). Dimen-
sional increase in right atrium, right ventricle
(RV), and RV outﬂow tract was faster with age
(p ¼ 0.0008, 0.035, and <0.0001, respectively). The
main pulmonary artery was larger throughout the 14
years (p ¼ 0.04), the decrease in RV mass was slower
(p ¼ 0.005), and RV ejection fraction was lower
(p < 0.0001) (Table 1, Online Table 1).
Left heart morphology was not signiﬁcantly dif-
ferent between the groups. Whereas left ventricular
ejection fraction was not signiﬁcantly different, left
ventricular fractional shortening and the mean
velocity of circumferential ﬁber shortening were
lower (p ¼ 0.003 for both). Interestingly, no signiﬁ-
cant difference was found in any variables between
the Han and the Tibetan children living at 3,700 m
(Table 1, Online Table 1).
Altitude adaptation implies a series of physiological
changes to optimize oxygen supply. Pulmonary arte-
rial hypertension is a consistent ﬁnding (2) that was
observed in our study and its role in adaptation is less
clear. Further supporting previous ﬁndings is the
comparable left heart morphology to children living at
sea level. Importantly, children at 3,700m in our study
showed distinctive adaptive features. First, the dila-
tion of the right heart was predominant instead of
hypertrophy. Second, there were subtle changes in
diastolic and systolic function of both ventricles
instead of the generally considered right-sided and
diastolic dysfunction (2). Third, cardiac index was
higher in children living at high altitude instead of
being comparable to sea-level residents. Higher
circulating concentrations of bioactive nitric oxide,
leading to lower systemic vascular resistance with
greater systemic blood ﬂow to offset the hypoxemia,
could be responsible (3). Some previous studies had
suggested better high-altitude adaptation in people
who were accustomed to live at high altitude forcenturies (e.g., Tibetans and natives of the Andes)
compared with adaptation in low-altitude dwellers
who migrate to and settle in high altitudes (e.g., the
Han migrating to Tibet in the last 50 years). In our
study, it was interesting that both Han and Tibetan
children had comparable cardiopulmonary adaptive
responses at high altitude.Hai-Ying Qi, MD
Ru-Yan Ma, MD
Li-Xia Jiang, MD
Shu-Ping Li, MD
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this paper.3D Image Reconstruction of Histopathological
Structure of Atherosclerotic Plaque Using a
Novel Technique With Film TomographyPathology studies of atherosclerosis have contributed
much to our understanding, but they are based
mainly on cross-sectional views of the postmortem
artery samples. Atherosclerosis is, however, a dy-
namic 3-dimensional (3D) pathological process and 3D
imaging techniques such as intravascular ultrasound
